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BATTERY DISCHARGE CIRCUIT WHICH
PROTECTS AGAINST EXCESSIVE
DISCHARGE

BACKGROUND OF THE INVENTION

The present invention relates to a battery discharge cir-
cuit, and more particularly, to a battery discharge circuit
which displays the discharge status while the battery is being
discharged and which protects against excess discharge.

In general, batteries are connected to household electronic
appliances to provide portability. In order to extend the life
of batteries used in electronic appliances such as a cam-
corder, circuits are required for discharging the batteries.
That 15 to say, according to the prior art, when batteries
which have been used in a camcorder are to be recharged,
battery life 1s prolonged by discharging the used batteries to
a predetermined voltage prior to charging. However, excess
discharging shortens battery life.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a battery
discharge circuit which displays the discharge status of
batteries, thereby notifying a user of the status, and which
prevents excess discharge, thereby lengthening the battery
life.

To accomplish the above object, the battery discharge
circuit according to the present invention comprises: a
discharge switch for turning a discharge function on and off;
triggering means for triggering the discharge function when
the discharge switch is on; setting means for setting a
discharge lower limit voltage; discharging means for dis-
charging the battery to the discharge lower limit voltage by
being triggered by the triggering means; and display means
for displaying the discharge operation of the discharging
means.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention
will become more apparent by describing in detail a pre-
ferred embodiment thereof with reference to the attached
drawings in which:

FIG. 1 is a circuit diagram of the battery discharge circuit
according to an embodiment of the present invention;

FIGS. 2A to 2F are waveform diagrams showing the
operational waveforms of various parts shown in FIG. 1; and

FIG. 3 1s a circuit diagram showing another embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

In FIG. 1, battery discharge circuit having a discharge
switch 14, a trigger 16, a discharge lower limit voltage setter
18, a discharger 12 and a discharge display 10, discharges a
battery 13, which has been partially discharged through use,
to the discharge lower limit voltage before recharging.
Operative port of a discharge switch 14 is connected to
capacttor C1 and Zener diode D1, fixed port ON is con-
nected to a battery 13 and positive input terminal 1, and fixed
port OFF is connected to battery 13 and negative input
terminal 2. Trigger 16 including capacitor C1 whose one end
1s connected to operative port of switch 14, resistance R3
connected to the other end of capacitor C1, transistor Q1
whose base 1s connected to resistance R3, whose collector is
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connected to discharge resistance RDIS and whose emitter
18 connected to negative input terminal 2, resistance R4
connected between the emitter and base of transistor Q1, and
diode D2 connected between node A of resistance R3 and
capacitor C1, and negative input terminal 2, starts discharge
through discharge resistance RDIS with transistor Q1 being
temporanly turned “ON” in an initial stage of discharge
switch 14 being turned “ON,” and charges capacitor C1. The
connection point of the operative port of capacitor C1 and
swilch 14 and the Zener diode D1 is called node B.

Discharge display 10 having light-emitting diode D3
connected to positive input terminal 1 and resistance R1,
displays that discharge is being performed by emitting light
during the discharging process. Discharge lower limit volt-
age sctter 18 includes Zener diode D1 connected to node B,
resistance RS, and capacitor C2. The discharge lower limit
voltage setter 18 turns transistor Q2 on by applying a
forward bias to transistor Q2 through resistances RS and R2,
since Zener diode D1 is turned on if the voltage of battery
3 is higher than the discharge lower limit voltage set as the
reference voltage of Zener diode D1. The discharge lower
limit voltage setter 18 turns transistor Q2 off, since Zener
diode D1 1s turned off if the voltage of battery 3 is lower than
the discharge lower limit voltage. Discharger 12 including
resistance R2, transistor Q2, and a discharge resistance
RDIS, which are connected to discharge lower limit voltage
setter 18, starts discharge through discharge resistance RDIS
by means of trigger 16 and terminates discharge depending
on the output of discharge lower limit voltage setter 18. That
1s to say, if Zener diode D1 is turmed on, thereby turning
transistor Q2 on, discharge is continued through resistance
RDIS, and light-emitting diode D3 of discharge display 10
1s turned on, thereby displaying that discharge is being
performed. If Zener diode D1 is turned off, thereby turning
transistor Q2 off, discharge is terminated, thereby turning
light-emitting diode D3 off.

In other words, after battery 13 is used, if it is separated
from the body of camcorder and discharge switch 14 is
turned on, voltage of node A becomes higher instanta-
neously due to the triggering operation of capacitor Cl1,
thereby instantaneously turning on transistor Q1. If transis-
tor Q1 is turned on, discharge is initiated through resistance
RDIS, thereby turning on light-emitting diode D3. If the
voltage of node B is higher than the reference voltage of
Zener diode D1, transistor Q2 is turned on by the current
flowing toward Zener diode D1, thereby turning on light-
emitting diode D3, and discharge is continued through
discharge resistance RDIS. At this time, if the voltage of
node B drops to the reference voliage of Zener diode D1 or
below, Zener diode D1 is turned off, so that transistor Q2 is
turned off. Therefore, discharge is turned off and light-
emitting diode D3 is turned off. Charging is performed when
switch 14 is turned off. If switch 14 is on at charging time,
discharge occurs contlinuously through discharge resistance
RDIS. However, if the reference voltage of Zener diode D1
18 set properly, discharge is performed until battery voltage
rcaches the discharge lower limit voltage, thereby prevent-
ing excess discharge.

FIGS. 2A to 2F are waveform diagrams showing opera-
tional waveforms of voltages present at various points of the
circuit shown in FIG. 1. FIG. 2A shows a voltage waveform
at node A of FIG. 1 when discharge switch 14 is turned on.
Upon switching discharge switch 14 on, the voltage is
instantaneously increased and then falls off through capaci-
tor C1. FIG. 2B shows a signal waveform at node B of FIG.
1 when discharge switch 14 is tumed on. Here, upon
switching discharge switch 14 on, discharge is initiated to
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reach the discharge lower limit voltage (in this embodiment,
5 V) set by Zener diode D1. FIG. 2C is a waveform diagram
showing the voltage applied to the base of transistor Ql
shown in FIG. 1. If the voltage of node A (FIG. 2A) 1s 0.6
V or higher, transistor Q1 is tumed on. FIG. 2D is a
waveform diagram showing the on/off state between the
collector and emitter of transistor Q1 of FIG. 1 and shows
that transistor Q1 is turned on initially and then is turned off
later. FIG. 2E is a waveform diagram showing the voltage
applied to the base of transistor Q2 of FIG. 1 and shows that
transistor Q2 is turned on until the battery voltage reaches
the discharge lower limit voltage after discharge switch 14
is turned on. FIG. 2F is a waveform diagram showing the
on/off state between collector and emitter of transistor Q2 of
FIG. 1 and shows that discharge is performed through
discharge resistance RDIS during the “ON" period of the
LED, thereby turning light-emitting diode D3 on. When the
battery voltage drops below the discharge lower limit volt-
age, Zener diode D1 is turned off, thereby stopping dis-
charge and turning off the light-emitting diode D3.

FIG. 3 is a circuit diagram according to another embodi-
ment of the present invention. The circuit solves the problem

of the battery being continuously discharged when the
battery is charged with discharge switch 14' on. The circuit
prevents discharge through discharge resistance RDIS' at
charging time, by using a charge/discharge detector consist-
ing of resistances R6, R7 and R8 and transistors Q3 and Q4.

In FIG. 3, transistor Q3 is a driving transistor for detecting
discharge, transistor Q4 is a driving transistor for detecting
charge, and resistance R7 is for detecting current.

The circuit shown in FIG. 3 operates as follows. If
discharge switch 14’ is tumed on, transistor Q6 is turned on.
Accordingly, the voltage at node C increases and transistor
Q7 is lemporarily turned on through capacitor C1'. If tran-
sistor Q7 is turned on, the voltage of battery 3 1s discharged
through discharge resistance RDIS' and light-emitting diode
D3 is turned on, thereby displaying that a discharge opera-
tion is being performed. If the voltage of battery 3 is higher
than the reference voltage of Zener diode DY, transistor Q7
is continuously on, thereby performing discharge. If the
voltage of transistor Q7 is lower than the reference voltage
of Zener diode D1', Zener diode D1 is turned off, thereby
turning transistor Q7 off, terminating discharge and turning
light-emitting diode D3’ off.

Meanwhile, if charging is performed while discharge
switch 14' is on, that is, if charging and discharging func-
tions are on at the same time, transistor Q4 is on at charging
time, and transistor Q3 is on at discharging time, thereby
increasing the voltage at node D. Accordingly, transistor Q3
is on, so that the collector voltage becomes low. Therefore,
a “low” is applied to the base of transistor Q7, thereby
turning the transistor Q7 off, interrupting discharging, and
allowing battery 3 to charge.

That is to say, transistor Q4 is turned on at charging time
and transistor Q3 is turned on at discharging time, thereby
the voltage at node D becomes high. Therefore, transistor Q3
is on and the collector voltage goes low, thereby a “low” 1s
applied to the base of transistor Q7, turning it off. After
charging is terminated, if discharge switch 14’ i1s switched
on, transistor Q6 is turned on and the voltage at node C
becomes high. Then, by means of the triggering operation of
capacitor Cl’, transistor Q7 is instantaneously turmed on.
Therefore, light-emitting diode D3’ is turned on, and dis-
charge is started through discharge resistance RDIS'. Also,
current flows from node C to Zener diode D1’ and transistor

Q7 is continuously on. If the voltage of battery 3 goes lower
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than the reference voltage of Zener diode D1' over time,
Zener diode D1’ is turned off and transistor Q7 is turned off,
thereby interrupting discharge. If the reference voltage of
Zener diode D1’ is set properly, discharge does not occur at
the discharge lower limit voltage or below.

As described above, the battery discharge circuit accord-
ing to the present invention enhances user convenience by
displaying discharge status and prolongs the life of a battery
by preventing excessive discharge.

What is claimed 1is:

1. A battery discharge circuit comprising:

a discharge switch for turning a discharge function on and
off;

triggering means for triggering said discharge function
when said discharge switch 1s tumed on,;

a Zener diode which sets a discharge lower limit voltage;

discharging means for discharging a battery to said dis-
charge lower limit voltage by being triggered by said
{riggering means; and

display means for displaying the discharge operation of
said discharging means.

2. A battery discharge circuit comprising:

a discharge switch for turing a discharge function on and
off;

triggering means for triggering said discharge function
when said discharge swiich 1s turmed on;

setting means for setting a discharge lower limit voltage;

discharging means for discharging a battery to said dis-
charge lower limit voltage by being triggered by said
triggering means; and

display means for displaying the discharge operation of
said discharging means;

wherein said triggering means includes:

a capacitor whose end is connected to said discharge
switch;

a first resistance connected to the other end of said
capacitor;

a transistor having a base connected to said first resis-

tance, a collector connected to a discharge resistance
and an emitter connected to a negative terminal;

a second resistance connected between the emitter and the
base of said transistor; and

a diode connected between the node of said first resistance

and said capacitor and the negative terminal.

3. A battery discharge circuit comprising:

a discharge switch for turning a discharge function on and
off:

triggering means for triggering said discharge function
when said discharge switch is turned on;

setting means for setting a discharge lower limit voltage;

discharging means for discharging a battery to said dis-
charge lower limit voltage by being triggered by said
triggering means; and

display means for displaying the discharge operation of
said discharging means,

wherein said discharging means includes a transistor
being switched on and off by said discharge lower limit
voltage setting means and a discharge resistance con-
nected to a positive terminal of said battery for forming
a discharging path.

4. A battery discharge circuit comprising:

a discharge switch for turning a discharge function on and
off;
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triggering means for triggering said discharge function charging/discharging detecting means for detecting a
when said discharge switch is turned on:

setting means for setting a discharge lower limit voltage;
discharging means for discharging a battery to said dis-

charge lower limit voltage by being triggered by said
{riggering means; charge is enabled when said discharge switch is on.

charge operation and a discharge operation of said
battery, thereby interrupting the discharge operation of
5 said discharging means at charging time, wherein

display means for displaying the discharge operation of
said discharging means; and I
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